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Investigating the Post-transcriptional Regulation of egfr in Non-small
Cell Lung Cancer A549 Cells by Cordyceps militaris Based on miRNA
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Abstract: Objective: To identify the miRNAs that post-transcriptionally target the regulation of egfi in the antitumor
mechanism of Cordyceps militaris. Methods: An aqueous extract of Cordyceps militaris was prepared using water-bath
extraction combined with vacuum freeze-drying. Transcriptome sequencing was performed on A549 cells after 24 h
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treatment with 4 mg/mL Cordyceps militaris extract. Candidate miRNAs were selected on the basis of Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment analysis. Functional gain models were constructed by transient
transfection of miRNA mimics, and the effects of miRNAs on cell viability were assessed using the MTT assay and
Annexin V-FITC/PI double staining. Functional loss models were established by transient transfection of miRNA inhibitors,
in combination with Cordyceps militaris extract treatment. The effect of Cordyceps-miRNA axis on cell viability was
evaluated using the MTT assay, and its regulatory effects on EGFR transcription and protein levels in A549 cells were
analyzed using qRT-PCR and immunocytochemical staining. Results: A total of 7211 DEGs were obtained and significantly
enriched in the "MicroRNAs in cancer" signaling pathway (Sort 3). Eleven miRNAs were screened for their association
with lung adenocarcinoma prognosis, miR-125a-3p, miR-125a-5p, miR-125b-1-3p, miR-125b-2-3p, miR-125b-5p and miR-
145-5p were all associated with egfi in a target-regulatory manner, and patients with lung adenocarcinomas that showed low
expression levels had a poorer prognosis (P<0.05). Cordyceps militaris treatment induced significant upregulation of miR-
125b-1-3p, miR-125b-5p and miR-145-5p expression levels (P<0.01), and the seed sequences had potential binding sites
with the egfir 3'-UTR region. miR-125b-1-3p, miR-125b-5p, and miR-145-5p exhibited tumor-specific pro-proliferative
activities, and their high expression status induced a higher percentage of early apoptosis in A549 cells. Cordyceps militaris
inhibited the proliferation of lung cancer A549 cells by promoting the expression of miR-125b-1-3p, miR-125b-5p, and miR-
145-5p (P<0.05) and downregulating the expression of EGFR (P<0.05). Conclusion: Cordyceps militaris exerts anti-tumor
activity by targeting and regulating the miRNAs (miR-125b-1-3p, miR-125b-5p and miR-145-5p)-EGFR axis, providing
theoretical support for its development as a novel functional food for adjuvant tumor therapy.
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cell lung cancer cells

4k /) 41 Jitg il J58 ( non-small cell lung cancer,
NSCLC) J2& 4= EREIE b5 i IRIE 2 —, 24 o ifies s
FH Y 85%M, HAR/INAN It Airdes DR HL AN it 432408 . PEK
FERS IR . REARAS B | e = B2 WA I 25 3 1
R, 24 75% AR /INAN i £ 5 1 R RS L A T
e PR, 5 AR R AR, microRNA(miRNA)
SR B ARSI — 2 NIRRT PR AR GRS RNA, 15T
W, miRNA A\~ 5955 55 i 1 S0 2 IR TE il 5
K JR ) EE AL AR P, B0 E A miRNAs EVgEIESE
HEMNE B B s IRd 1A T AU, AR AR FH H R
AR R RIE YT SR IS I LR 1), miR-125a-3p
JEAR/INN I AR AT B B S A bR, iR
i miR-125b-1-3p W] LI NSCLC ZHAflpHs5E | it
¥ X A25%, FEm il SIPRL B ST A &4,
£ NSCLC H i 23 K i E . miR-125a-3p
TEJR 55 A i 2RI 7KF 8 T° NSCLC 2H4H, 1by7
J& miR-125a-3p 1= 3238 /K- AT RE < 8 2 SR A=
FERMICIR EAE RS, miR-133a-3p Wy ik n]
i NSCLC 4H i iy B4 56 . {222 FNiE 8, Hal il i
P ERBB2 HY 2 325 11 8 2 MEVE FH, miR-133a-3p/
ERBB2 #li & sl A2 Wi FlE T NSCLC g I 259
FLS P R, BT miRNA S-S 00%8 e a1 =
YU 2, A RETEY TR TS ] .

2% 2 A= K I F 3Z 14 (Epidermal Growth Factor
Receptor, EGFR) 3l J& F % 2 i i fiff 57 {4 ErbB X
o egfir ZALAEMTNRIEA Th R R LI IR A8 2 —,
egfir LK 548, WNAM 1 19 fk4e . L858R & o884
5 0 T R R 22 0E Ak, 2 AR I N B i R 9 1Y
30%~40%"" . egfi- 5"51H B 14 S8 00T vl 75 S
RO FH . SRR ZE, 25 s 4 it feis kit , 7

Mg it e A= ANk st At H S E S iliaR kv
FREERNTUS A R VIAESC, BAET, IGIKRERXT NSCLC
PR YA T P, EGFR W& BRUK N HIF O 2 R 258
AR, egfir &R 25 M A ) R R
i B BV SRR IR B, B A L 2 S R Y
RERTEME RSy, CSCAPTIRIE 259 & ) SR 22 245 FH &
PREIR . RS ATEHES IR B, B S B n] LI
fidEdnie As49. N Bimdiifs BGC-823. AFLARRE4N
s MCF-7 1) 40 i 38 58 % M, IR X T 0 BRIe T4
RCD {55\ M B A HEE/ERM. AR BN, B
B AL PR AT HPH AT IR H1975 400 egfir. AKT Fl
ERK1/2 MBI, KIEDTIIEIERD. egfi- 58
AR AR B FE A B i AR, H R R A
N AR R R B = T NSCLC I RGP M 25
Y AR RN R R RS AT LA egfi- SR
JE VAR NSCLC kAL, HRMhii= Rgcik
FITIFSTUEYE . BRI, AT IR 38 G4 S Al il i S5 4
YIHE B0, 856 AW E B UESE R, B IR
miRNA-egfi- il BRI FRIT I B & F9 BRI, A
HAH BRI VG T B & 3R L E EE A SR o
1 MRERE
1.1 MR5EE

Nl u kR A549 ARliIEH 2400 BEAS-
2b  RIUHEAEAY TRA RN ] F-12K SEaisss
W BRIEECAEYHE ARG A AR st
PUZEH A TR A BRZS Wl 5 ShAE M i i B i &R
(LF)S. Z1L201310728874.4) 1L T 45 BhEe: i b
FUEE R A E R iR 4E; KEL™ RNA Transfection
3% [E KEL Biotech 2¥ &) ; miRNA mimics
T M 5 B 35 N R A BR A A

Reagent
miRNA inhibitor
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FastPure Cell/Tissue Total RNA Isolation Kit V2.
Annexin V-FITC/PI Apoptosis Detection Kit Fg&UiAT
MEREAE MR A B2 75 PrimeScript RT 32057 &2

H 7~ TaKaRa £y #); miRNA Purification Kit. 0.25%
PR FRE(1:200)  JbHTsh E B Y ARA BRTUE
5\ 5 SuperStar miRNA First-Strand cDNA Synthesis
Kit  Jbat Ry a0 A PR B 0y A BR 2 7 5 Hieff
UNICON® Universal Blue qPCR SYBR Green Mas-
ter Mix VG 2R R IRy A BR S /)y — R
WA £ [E Sigma-Aldrich 23 7] ; egfir 22 vo BE PR

BRI A F ARG IR AT SABC 15 E Ll fh gL
e e LAY TREERA R 517
S H Ak s S B A ) B R IR BT AT A F A R
(& 1o

F1 qRT-PCR 2955

Table 1 Sequences of primers for qRT-PCR
B3PS 51975 (5-3)
miR-1-3p F: GCGCTGGAATGTAAAGAAGTATG
miR-1-5p F: ACAUACUUCUUUAUAUGCCCAU
miR-145-5p F: CAGTCTTGTCCAGTTTTCCCAG
miR-125b-1-3p F: ACGGGTTAGGCTCTTGGGAGCT
miR-125b-2-3p F: ACAAGTCAGGCTCTTGGGAC
miR-125b-5p F: TCCCTGAGACCCTAACTTGTGA
miR-133b F: CTCAGCTTTGGTCCCCTTCAAC
miR-125a-3p F: GCGCACAGGTGAGGTTCTTG
miR-125a-5p F: GCGCTCCCTGAGACCCTT
miR-133a-3p F: GCCTTTGGTCCCCTTCAAC
miR-133a-5p F: GGCGAGCTGGTAAAATGGAACCAAAT
U6 F: CTCGCTTCGGCAGCACA
U6 R: AACGCTTCACGAATTTGCGT
egfr F: AGGCACGAGTAACAAGCTCAC
egfr R: ATGAGGACATAACCAGCCACC
P-actin F: TCCAGCCTTCCTTCTTGGGT
p-actin R: GCACTGTGTTGGCATAGAGGT

JTY-2 R PVE RS RETF540 LI R BB SR
A B BTN ] JF-200 ms e Al BAgsiEtr (db
O RDIVAT B BRZN 7] ; SCIENTZ-10nd AR IR A 14
THRHL TR A YRS A BR F] 5 JC-6000
G TAES LI B 7 A A AR B A PR
Hl; HH.CP-7 CO, 4 iU H #3154 78[5 Heraeus
N H]; 5424-R mOER AR ELLHL 2 E Eppendorf 44
) ; QuantShudio™ 3 SZ 2 G E B PCRAY & [H
Applied Biosystems 2\ ]; N50 Touch #5871 5)
JEOCEEI  fEE Implen 2 7 ; Infinite F50 AR Y
¥+ Tecan 2N &l ; ICX41 18] & A= ¥ /5¢ 5 W 43 8%
TUFETOCERH (FERD G RRA A
1.2 EWHE
1.2.1 i oK EEHAs R R IUA(XG)60 °C
JET 2 0E L, MUK RS ik 80 07 R, R A5 i Hy B
5, 85 °C K IZHE 3.5 h, 4000 r/min E.0> 10 min,
ISR EAS R TEGER, FRAFE TR, DL F-12K

SE4 B IR AL 45 4 me/mL il BB TA/EW, 0.22 um
SRR, 4 °C B EHFAE

1.2.2 FEsgeHMF ot SE8eH (XG 4H) 2 A549 44
ML 5x10° LA 4 mg/mL U BB T AER AL EE 24 h, Xt
A (CK 4H) LASE a5 a3 b3, WA il f5 =30
Jh 3 B bR A B W AA SO ST R i Sk 2
WF5 U, L P<0.05 H[log,FCI>1 Mhnif, itk
2= = 3% 3k 3 [H ( Differentially Expressed Genes,
DEGs) , ifi iif KEGG %4 ##% J% (https://www.kegg.jp/)
PEAT I B B A2 40T, HRYE “MicroRNASs in cancer” {5
538 % (k005206 ) 1Y Lung cancer #ik, 3815 5 “sur-
vival” A1 5¢ DEGs 7 7E # [7] 5C & 195 % miRNAs,
F] JH Kaplan-Meier plotter ¢ 3% JZ£ ( https://kmplot.
com/) 1) XiHiEiE miRNAs FIA/K 5 B rm®R
[ EA 7 I HIT o

1.2.3 gRT-PCR #: il EGFR mRNA £ k& HRiE
£ S s S E R, FHL XG 4R CK 48 41 it /Y
mRNA, i 555 1% cDNA, 3055 55 W A4 2R (20 uL):
2x miRNA RT Mix 10 pL,miRNA Enzyme Mix 1.5 pL,
. RNA 4 pg, #M 58 RNase-free 7K ZE 20 pL. XL FE
JF: 37 °C 60 min; 85 °C 5 min. cDNA ;=#T—20 °C
£R-AE . qPCR WA ZR (20 uL): SYBR Green Master
Mix 10 pL, 1E 7] 5[ 4745 0.4 pmol/L, cDNA A4
2 uL, #MFE RNase-free 7K 20 plL., WARF: 95 °C
TAEE 10 min; 95 °C 15 s, 60 °C 1 min, 40 MEIR,
L B-actin S PIZIEA, SR 2722 1 egfi- BUARXT
Fika,

1.2.4 gRT-PCR #:ill] miRNA FEikHE ML H
SR SR, JRE XG A CK 44009 miRNAs,
A )% miRNA 28 —4% cDNA, WK Z (20 pL): 2%
miRNA RT Mix 10 pL, miRNA Enzyme Mix 1.5 uL,
J RNA 4 pg, #78 RNase-free 7K = 20 uL., )W R
J¥:37 °C 60 min; 85 °C 5 min, cDNA P74 F—20 °C
PRAE . qPCR WA & K W AR 7 A 1.2.3, L U6
snRNA NN Z, SR 2724 2115545 miRNAs 1948
PO S7 a8

1.2.5 miRNA HhHEEFASSLE:

1.2.5.1 BEA5E4: miRNA mimics  AS549 ZHfILL 5x
10° ~/mL % & . BEAS-2B 41 Jifi LI 4x10* 4~ /mL %%
FEAZRP T 6 FLA, 2 mL/AL, i as H4H . NC 4H (BH
PEXT B8 2H , 5 ge B P X B8 7 21 ) A1 mimics 2H (5%
Zt miRNA mimics), F #IEFE 12 h fg P75 4L,
Z R e a0 60 U0 W 5 AT DA #45 , 32U50) A
KEL™ RNA Transfection Reagent 7.5 uL 5 200 pL
Opti-MEM ZEIE0EE 5 min; i57] B: BAYEX BR)F 4 5k
miRNA mimics(Z ¥ JE 50 nmol/L) 5 200 pL Opti-
MEM B4 . NC 41 Fl mimics 4143 5N A A5 B
TRAW 400 nL/fL, 25 HA D A SRR FISE e B 32 3L,
B35 6 h J5 5 H I Hhog R IRt kL% 3% 24 h,
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qRT-PCR #4520 miRNAs ZFikit, FHkFE 1.2.4,
1.2.5.2 MTT ¥R 4HIEFE G s 5 BLEE 3% 24 h,
INA 5 mg/mL MTT %%, 20 uL/fL, 37 °C %5 4 h.
# B3 S ESLINA 150 pL DMSO, Z 45, BEFRY
KA FLIY ODygp pm TH o FIHIZRTTEL: ISR (%)=
(OD 541 ~OD 241, )/ (OD g ~OD o)< 1000
1.2.5.3 Annexin V-FITC/PI Ytf®,  AUM05E YL e #0
¥i3% 24 h, F® PBS YEU 1 IR, MK 500 pL 1%
Binding Buffer. 5 uLL Annexin V-FITC s uL PI Yu
W, FUEEEIFE 10 min, 4% ZRHEERIE 10 min,
B B DG WA g, FHRAEEIL, Imagel #1431
BHARENL 10 DR CHRE

1.2.6 miRNA IJREHLL S5

1.2.6.1 BERT 5% 4% miRNA inhibitor X & W) & &
NC 2 (BHPEXT BRZH, 5% YL B XS B8 )F41)) | Inhibitor
ZH (% 4% miRNA inhibitor) . Inhibitor+XG £H (%% Y
miRNA inhibitor+4 mg/mL W it 254 ¥ ) | 2 B FL YL
A S BB B TR gy . # 4k 6 hJ5, NC 44l
Inhibitor £H Bt 58 435 52 5L, Inhibitor+XG £H B e
SN 4 mg/mL W R T AR, k2255 5% 24 ho qRT-
PCR K1) 4% 2H 3 1~ miRNAs B Z ik &, )5 [q
1.2.4, MTT yEAIN 4022, Jrikla] 1.2.5.2,
1.2.6.2 fepedifififbssguts BeE NC 4 (XTI
2H, FL YL A PEXT BE 7 21]) | NC+XG £H (4 mg/mL B

A
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H B L) | inhibitor ZH ($% 4% miRNA inhibitor) .
inhibitor+XG 2H (3% 4% miRNA Inhibitor+4 mg/mL 1
WAL, AN AL E S B FLER IR 24 h, 8 TN &
ZE 10 min, ARPFIF & 2SR AT SABC Sz 4k
2pyutn, Horp AR PREAST N EGFR $AR TAER(1:100
FiBe)50 ul, 37 °C EH 2 h, DAB . 2 min J5,
HGE WA T UL, I RAEEEUR, R Imagel A
THEBENL 10 PHUEF KR E
1.3 B
JT A SEEG AT = A S A WA AR, A

I E /D SRR TS . SEREHE A meantSD
PR FYRGEITArMrR AH SPSS 23.0 # AT RA N
27 2243 1 (One-way ANOVA) 1 2H [8] [t 4% 53 B7
(Tukey's HSD 46 ), i 25 M A6 56 7K 5P 0=0.05(*P<
0.05, **P<0.01) ., iMid GraphPad Prism 8 Fl13&jti B
Y5 B = F 5 (https://www.omicshare.com/) 5€ il
2 & N A= E B2 5T o
2 RS9
2.1 SBHREEE AS49 M4 TR B AR miRNA By
ik
2.1.1 G T B B2 PR A9 35E miRNA

T CK I F X, XG AL 7211 4>
DEGs, Jf 7F “ MicroRNAs in cancer’ & 5 if §§%
(ko05206) 2. 2 & 45, #1120 3 iz (& 1A), 5 il i
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Table 2 Candidate miRNAs screened based on DEGs
DEGs miRNA miRNAJT5
piml ., met miR-1-3p UGGAAUGUAAAGAAGUAUGUAU
met miR-1-5p ACAUACUUCUUUAUAUGCCCAU
egfir miR-125a-3p ACAGGUGAGGUUCUUGGGAGCC
egfr miR-125a-5p UCCCUGAGACCCUUUAACCUGUGA
egfir miR-125b-1-3p ACGGGUUAGGCUCUUGGGAGCU
egfr miR-125b-2-3p UCACAAGUCAGGCUCUUGGGAC
egfir miR-125b-5p UCCCUGAGACCCUAACUUGUGA
mcll, bel2l2 miR-133a-3p UUUGGUCCCCUUCAACCAGCUG
mell, bel2l2 miR-133a-5p  AGCUGGUAAAAUGGAACCAAAU
mcll, bel2l2 miR-133b UUUGGUCCCCUUCAACCAGCUA
egfrr miR-145-5p GUCCAGUUUUCCCAGGAAUCCCU

TE: FRIZFF AT

“survival” 41 A DEGs 3t 5 4~, & 2] 11 5 -
& DEGs 177 P ¥ ¢ & 195 %8 miRNAs(5R 2),
H miR-125a-3p. miR-125a-5p . miR-125b-1-3p. miR-
125b-2-3p. miR-125b-5p. miR-145-5p % 5 egfir 17
TEVEFE L R . Kaplan-Meier 242 743477, Bk 6 4~
miRNAs A4 77 i1 28 JXUSS: L (hazard ratio, HR) <1,
HoAdh, miR-1. miR-125a. miR-125b. miR-133a. miR-
145 1) P<0.05. & 75 7E AH [R] By B [B] B PN, 3 &
miRNAs PY{IRFR 5 -5 Mt R 825 00 A R TS W 240
X(E 2).

2.1.2 i HOEXT AS549 i il miRNA 2235 7K 1 5%
M 11 MeEk miRNAs H, {Y miR-125b-1-3p. miR-
125b-5p Fll miR-145-5p 7 W HL 5 4b H 5 3 3K 7K S

HR=0.63 (0.44~0.9) B 100 HR=0.71 (0.53~0.95) C 100 - HR=0.73 (0.54~0.99)
logrank P=0.01 logrank P=0.022 logrank P=0.04
80 1 80 -
< 60 < 60
& 40 & 401
H Eul
20 A 20
—AkFik
0 4 E?‘EK 0 4 0 o
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
B 1] (min) BF 7] (min) HFH] (min)
D 100 | HR=0.6 (0.42~0.85) E 1004 HR=0.78 (0.56~1.1) F 100 HR=0.71 (0.53~0.95)
logrank P=0.0038 logrank P=0.15 logrank P=0.021
80 - 80 1
< 60 < 60 - s
e B ‘ 3
& 40 L 40 oy, L &
H Eul by tyl
20 4 Fkhit S S 20 4 Fikht
— L&k —AkFik
0| gk o0 | —wEx
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Ff A (min) AfE] (min) I 8] (min)

12 miRNA BYRIKIKPX il B A A R
Fig.2 Effects of miRNA expression level on survival in patients with lung adenocarcinoma
1#: A: has-miR-1; B: has-miR-125a; C: has-miR-125b; D: has-miR-133a; E: has-miR-133b; F: has-miR-145,
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Fig.3 Effects of Cordyceps militaris on the expression levels of 11 candidate miRNAs
: A: miR-1-3p; B: miR-1-5p; C: miR-125a-3p; D: miR-125a-5p; E: miR-125b-1-3p; F: miR-125b-2-3p; G: miR-125b-5p; H: miR-133a-
3p; 1: miR-133a-5p; J: miR-133b; K: miR-145-5p; **Fm5 CK M L2 F4% 8%, P<0.01.
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